POVRTRENTH WEEK. G.B.Todd,RMic. 
Vacuum Tabes,. 


CURSTION #1. Give s brief explanation of the slectron theory of 
eurrent flow. 


ANSWER #1. iihen a battery is connected into a cirenit and a current 
Flows through the sireuit, it is ordinarily said that 
the current flows from the positive terminal of the 
battery through the circuit to the negative terminal. The 
sarly experimenters in electricity assumed that the cure 
rent was a flow of positive electricity from the positive. 
terminal of the battery through the cirenit to the nega= _ 
tive terminal. It is now believed that the current is a | 
flow of negative charges ef slectricity in the opposite 
direction around ‘he eircuit. More exactly, the flow of 
eaurréent consists in the motion of seeded emall charges 
of negative electricity, called electrons, and the action 
of the battery voltage is to drive these electrons around 
the clreuite Zleetrons are present in very great numbers 
in all metals and ordinarily move around inside the 
metal ins hapa gard manner, bumping into the atoms of 
the metal. When the battery voltage is applied, the elec- 
trons are forced te take up a general motion around the 
eircuit in addition to their haphagard motion, This drift 
of electrons around ths circuit constitutes the current 
Plow. 


“ymstron #2. Show by sketch and explain electron emmission from a heat- 
ed metsl. (Filament). 


ANSWER #2. Vhen a metal, such ss tungsten, is heated to a high temp- 
cue ture in an extremely high vacuum. electrons are emitted 
rom its surfasee Mach electron is emitted with what is 

geitea an initial velosity, which is dependent upon the 
temperature of the heated metale it should be neted that 
the emission of electrong is an “effect caused by the 
temperature of the metal and not by the current that is 
pasesd through the metal to heat it. The emitted electrons 
do mot all have the same initial velscity.e Some electrons 
aeuulre just enough velocity to break through the surface 
ethers are eble to travel s slizhtly greater distance and 
only one im a billion perhaps can travel any considerable 
distanee from the surface. The average velocity of the 
emitted electrons is very high - many miles per second =- | 
but the effect is almost hearers zible on account of the very 
high cherge associated with the very small mass of each 
electron. #h® umber of electrens emitted from a given 
Pilament in a nigh vacuum depends greatly upon the nature 
of the filement material, the condition of its surface 
Gnd upon ita temper rature. The effect of the electron 
emission acon the metal is ss follows: Hach electron 
emitted from the filament renders the filamert more posi- 
tive. The ros sitive charge on the filament is equal and 
opposite to the sum ef the charges on the emitted electroy 
fo that no matter to what distance any given electron may. 
ae it will fivslly be pulled back into the filament. 
mpenying diagram shows a straight filament made of 
io in a highly evacuated glass container. Suppose 
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QUESTION #3. 
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mest os prought to a high ts vatkare, The 
a eleetrons will travel te varying avotanees from 
lament. The gmall dots in the diagram represent the 
rons, The great tad of electrons form a dense 

ud just above tne surface of the filament. This eloud 

practically stationary as a Whole, but is being can= 
stantly renewed by yr aeaa flying out from the filament 

take the place of those that fall back into ite The 
arena becomes lacs and ieee dense the greater the distance 
from the filament, cecauge only a very few electrons are 
emitted vith an initial velocity sufficient to carry them 
to the glass wall of the ecntainer. To sum vr: The purpose 
of the heated filament is to render avsilable great num- 
bers of electrons by keeping them in a free condition in 
its immediate vicinity. 
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Explain how filaments are constructed; metals most ex- 
tensively used in their construction; and ma ke of tube in: 
which each are used, 


The General Slectric tubes have filament of thoriated 
tungsten. As the filament is drawn out into a fine thread 
the thorium is added, tuszether with a small percentage of 
carbone. About 1% of therium is added. Thorium is one of 
the basic metals. It is easy to recognize a tube, the 
filament of which has ga small amount of thorium added to 
the tungsten, A tungsten filament glows with a brillisnt 
dazzle, while the thoriated tungsten glows with a dull 
yellow colore 


The Western £lectric tubes have platinum-nickle filament 
Supports, upon which are pasted oxides cf strontium or 
ovarium, Up until recently the WE tubes emitted less elec= 
trons shan the GE. on aeceecunt of filament construction but 
the latest infermation states that their tubes will emit 
more electrons with less current than the GE, which makes 
it the mors efficient tube. 


Give advantages and disadvantages of each. 


The GE tubes have the advantage that they may be rejuven~ 
ated and the disadvantage that they require more current 
to operate, while the WE tubes have the advantage of 


wueing less current but the disadvantage nonere juvenstio» 


SUESTION 


ANSWER i; 


#5% 


a5) « 


Name two metais used in the construction of plates. 


Tungsten is used in the construction of plates because 
of the great amount cf heat it will dissipate and be~= 
cause of its high fusing point, which is 3870° centigrade 
Altho most commercial tubes use molybderum in plate 
construction, even tho it has a lower fusing point of 
1450° Centigrade, on acceunt of its mechanical perfection, 


Draw s simple circuit nue2d for half wave and full wave 
rectification, Expisin c2ch. 
Ph ATE TICANS. 
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} De. 
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Fir. TRANS. 


Because, in & vacuun tobe, electrons are emitted from 

the het filament only, vacuum tubes are widely used as 
rectifierg. In the accompanying diagram, the filament 

is heated hy an alternating current supplied by the 
alternator. The filament is thus alternately positively 
end negatively charged. when it is negatively charged it 
will throw off electrons. At this instant the cold plate 
will be positive and will attract these negative eleetron 
which will flow through the space in the tube to the cold 
plate through any appliance which may be placed in the 
circuit and then back to the generator and the hot fila- 
ment. But at the next instant, usually 1/120 of a second 
later, the hot filament is charged pesitively and the 
cold plate at this instant is negative. But the plate 
being cold emits no electrons so no current passes from 
the plate to the filament ever. fhough the voltage between 
them is in the proper direction to cause electrons to. 
flow from the cold plate to the hot filament if any elec- 
trons “ers emitted from the cold plate. Thus an alternat- 
ing eurrent is taken from the generator and a direct cur-~ 
rent delivered to the appliance. But this direct current, 
is only in impulses in ome directione It as tho one half 
of the alternating current cycle were chopped off, allow- 
ing the positive half tc flow in the external circuit. 

Tn the diagram on the next sheet using two tubes, one tube 
takes the first half of the cycle and the second tube take 
the secord half of the cycle creating an effect of revers 
ing the direction of the second half of the cycle thus 
making both halves of the cycle flow in the same directio 


This is called full wave rectifieatione 


ANSWER 
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Uiagram of fuli-weve reetifieation. 
LATE TRANS 
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Explain how tubes are evecuated aad 44a effect of gas 
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left in them. 


Tubes are evacuated aa much as. possible just prior to 
sealing them, by applying a suction pump which pumps out 
all of the sir that it possibly can. Incorporated in the 
construction of the tube is a small piece of metal called 
& getter which acts like a sponge and absorbs any gas 
left in the tube by the suction pump. Yacuum tubes which 
employ a high plate voltage must be as nearly evacuated of 
gas as is possible, because the speed of the electrons 
wouid be so great that collision with the atoms of gas 
would produce heat that would bur the filament. Soft 
tubes, or tubes in which some gas is left are samtimes 
used where a low plate voltage is used, because the atoms 
of gas actually help the flow of electron flow, but the 
disadvantage is the heat created which gives the filament 
a shorter life. 


Explain the function of the third electrode (Grid). 


In a three electrode vacuum tube there is an additional 
@lectrede calied the grid which is interposed between the 
plate and the filament. As its name indicates the grid is 
ordinarily in tne form of a mash or network of wires throu, 
which the stream of electrons flows to the plate. The zrid 
acts as a scrt of screen around the filament ard prevents 
the full forces ef the rositive plate voltage from being 
exerted upon the electrens which are being emitted from 
the filament. If the grid is connected to the filament se 
as to bring it to the same potential it will itself exert 
no force ard hence the total force at the filament will 

ve less under these circumstances than if the grid were 
removed. It was shown before in the case of the two elec= 
trode vacuum tubes that when the electron flow to the plate 
is less than that corresponding to the total emission from 
the filament the current to the plate depends wpon the 
electric force which is acting mear the filament; that is; 
the current is limited by space charge. Under these condi~_ 


ANSWER #8. Continued. 


CUBSTION #9. 


tions, ta¢@ presence of the grid will, when it is at fila- 
ment potential result in a lower value of the plate eur 
than would flow if the grid were absente Suppose now th 

a batte weve called the C Battery is inserted in the 
lead connecting the filament and grid, by means of which 
the zg an be made positive cr negative with respect to 
the filament by any desired vo ltaze.e If the grid is made 
somewhat positive, it will its eif exert an attractive 
force upon the electrons near the filament and a greater 


number will leave the filament 
in fact, the eurrent flow 
charge effect neutralizes not 
plate but also that ef the gri 


electron current will flow through the spaces between the 


grid wires and go to the plate 
positive voltage on the grid, 
erease,. A negative woitage on 
opposite effect, for then the 
will oppose that of the plate 
be reduced, In fact, the grid 


“ill increase until ¢ 


and start across the tube, 
the space 
only the force of the 


de Very nearly all of the 


so that as a result of a 
the glate eurrent will in- 
the grid will produce the 
force exerted by the grid 
and the plate current will 
voltage san readily be made 


negative enough to atop completely the current flow thru 
the tubee It is evident therefore that the grid acts as 
a control over the current flow to the plate in that, by 
variation o* the voltage of the grid, the current to the 
plate can be increased or decreased at will. The electrons 
pass through the grid to the plate and unless the grid 
voltage is made quite positive, very few hit the grid 
wires. The current to the grid is, therefore, practically 
zero and only a feeble current flows from the C battery; 
go that very little power is required to regulate the 
voltage of the grid. 


What is msant by space charge and what is its effect? 


All of the emitted electrons do not flow over to the plate 
excepting when the plate reltage becomes high. The electrn 
flow to the plate starts because the plate is positive and 
and attracts the electrons away from the immediate vicini- 
ty of the filame: ite When the current is flowing, however, 
there will we electrons which are in motion over to the 
plate and Which will, after a fashion, fill up the space 
between filament and plate. These electrons are negatively 
charged and therefore tend to repel those electrons which 
are about to start over to the plate. Thus the force exert 
ed by the electrons in the space between the filament and 
plate tends to neutralize the ferce exerted by the plate. 
In fact, there will be an imaginary surface surrounding 
the filament at a certain distance away and at this sur- 
face the forse of the plate will be completely neutralized 
The force in the region between this imaginary surface and 
the surfsce of the filament will be such as to draw the 
emitted electrons back to the filament, while on the other 
side of the aurface the force will be such as to pull the 
electrons over toward the plate. Any electrons which are 
emitted with sufficient veiocity to overcome the opposing 
force exerted in the region near the filament, and hence 
to pass the imaginary surface, will flow over to the vlate 
under the infiuence of the aiding force on the other side 


ANSWER #9. 
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Those electrons which have not sufficient velocity to 
reach the surface of zero foree will be pulled back inte 
the filament againe Thus the location of this imsginary 
surface of zerc force determines the percentage of the 


aurfecs lies te the gurface of “he fil 
the number of electrons which can get by 

greater will be the plate current. The iccation of this 
surface depends upon the plate voltage and the number of 
electrons which are in motion to the plate or the space 
charge, An increase in the plate voltage tends tc move 
the surface of zero force nearer the filament, while an 
increase in the plate current has the effect of moving th 
surface away from the filament. When the veltage of the 
plate is negative with respect te the filament the surfac 
eoincides with the glass wail of the tube; as the voltage 
becomes Lnereagingly positive, the surface shrinks toward 
the filament and an increasing number of electrons flow 
tc tne plate. when the plate voelitage reaches a high posi- 
tive value, the surface coincides with the surface of the 
filament and all cf the emitted electrons flow ts the 
plate. In general, the plate current cannot exceed this 
value, which is called the saturation current, excepting 
for the possibility at very high voltages of actually 
rulling electrons out of the filament and hence increasin 
the effective emission from the filamente 


Draw an SGeIG curve and explain. 


See Curve #1 in back of weeks work. This curve shows the 
the current which flows to the grid for different values 
of grid voltage. Practically no current flows to the grid 
when it is negative, but it commences to flow more and 
more as the grid tecomes positive, because some of the 
electrons, which are cn their way to the plate, are ate 
tracted te the gride fhe currents to the grid are very 
small compared to the currents in the plate circuits; the 
grid currents are measured in microamperes, or millionths 
of an ampere, while the plate currents are measured in 
milliamperes, or thousandths of an ampere. The grid cur= 
rent is ef importance in the actiom of the vacuum tubes 
as a detector when a grid condenser and grid leak are 
used, and also is of some importance in connection with 
amplifiers. 


Draw an EP=¥IP characteristic curve and explain. 


See Curve #2 in back of weeks worke [n this curve is 
shown in solid line the characteristic curve of a twoe 
electrode tubes, snowing the variation cf current with 

B battery voltage. The flat part of the curve, CD, repre= 
sents the maximum current that can flow through the tuhe. 
The current can not go higher, tecause all the electrons 
emitted by the filament flow to the plate as fast as 

they are emitted. For lower piate voltages the current is 
less; and, since the mumber of electrons amitted by the 
filament is unchanged, it follows that only = portion of 
the emitted electrons are flowing across to the platesthe 
reason for this was explain in question number nine under 


explanation of space chargee If the teamnarat.ina 
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CUESTION #13. 


of the filament is increased, the rising portion of the 
eurve is very nearly unchanged. The curve will, however, 
vise to a higher value before flattening out, as shown 
by the dotted line. This higher value corresponds to the 
increased emission of electrons from the filament. 


Draw an IP-EG curve and explaine 


See Curve #3 in back cf weeks work, The control which th 
grid exerts on the plate current is shown by the charac- 
teristic curve representing the relaticn tetween plate 
current and grid voltage. The curve snown is for a type 
of tungsten filament receiving tube with 9 plate current 
of 60 volts and a filament current of 0.65 ampere. The 
current which heats the filament also produces a drop in 
potential along the filament so that when one speaks of 
the grid or plate being so many volts positive with 
respect to the filament, a particular point on the fila- 
ment must be specified. Usualiy it is customary to take 
the terminal of the filament which is connected to the 
negative terminal of the filsment battery as the point o 
zero potential, and the grid and plate voltages are then 
measured relative to this pointe Thus in the accompany- 
ing curve the grid and plate voltages are measured rela- 
tive to the negative filament terminal. he grid is at 
zero voltage when it is cennected to the negative fila- 
ment without any c battery. This curve is cf main impor- 
tance in explaining how the vacuum tube operates. 


By the use of the IP-EG characteristic curve, explain 
how a vacuum tube may be used as an amplifier or a detec 
tor (Curves of plate current must accompany explanation) 


As an amplifier. Assume that the vacuum tube, for which 
the grid voltage-plate current curve is given in Curve 
#3, is operated under the conditions of plate voltage 
and filament current there stated. Suppose that no grid 
battery is used s# that the grid voltage is zeroe Phe 
opersting conditions of the vacuum tube will then corres« 
pond to the point marked A on the curve and the plate 
current will be about 0.7 mae If, now, an alternating 
voltage is impressed upon the grid so that its voltage 
varies above and below the steady value, then, as the 
grid voltage varies up and down, the plate current will 
similarly rise and fall. In Curve #4a (In back of weeks 
work) it shows the assumed variation in the grid voltage 
which is taken to have an amplitude which carries the 
grid up to Plus 2 volts and down to Minus 2 voltse From 
Curve #3 it is seen that for Plus 2 volts the plate cur- 
rent will be a little over 1.0 ma, and for Minus 2 volts 
will be about 0.3 ma. Hence the plate current will vary 
about as shown in Curve 4be The plate current curve is 

of the same form as the voltage curve, because the regior 
of the variation was taken over a part of the character- 
istic that was nearly straight. A slight variation in 
grid veltage will produce the same variation in the plate 
current but the plate current will be abcut ten or twenty 


times the value of the grid current, thus the input powez 
Will be amplified ten or twenty times its criginal value’ 


ANSWER #13. Continued. 


As a detectore Now let the grid battery be such as to 
make the grid 4 volts negative, corresponding the the 
peint B of Curve #3. Then, with the sume alternating vol 
tage as before impressed upon the grid, the grid voitage 
will vary tetween Minus 2 and Minus o volts. The plate 
current for Minus 4 velts grid voltage is abcut O«l ma, 
but the decrease to Minus 6 voits will produce only a 
Slight reduction in the plate current below the value fo 
Minus 4 volts because cf the bend in the curve. The vari 
tion in the plate current in this ease will be a curve 
such as that shown in Curve #4c which is quite distorted 
in form from that of the grid voltage. The distortion 
results for the reason that the variation takes place 
a bending portion of the curve. Because of the distorted 
form of the wave in Surve 4¢ it is evident that the 
average value of the evrrent is greater when the aiter~ 
nating voltage is applied than it would be if no such 
voltage were acting on the tube. Since direct current 
instruments respond to the average ¥alue of the current 
flowing through them, a direct current ammeter in the 
plate circuit of the vacuum tube, under the conditions 
assumed for Curve 4a and 4b, would show no change in rea 
ing when the alternating voltage is applied to the vacwmwm 
tubes it would, however, show an increased reading under 
the conditions of figure in Curve 4c upon the applicatio 


of the alternatins voitage. This change in average value 
of the current is of vital importance in the operation 
oz the vacuum tube as a detectore 


CUSSTION #14. Explain how input conductance may be found from charac- 
teristic curve. 


ANSWER #14. It is shown that Chm's law holds good for parts of AC 
circuits where the current is in phase with the emf. So 
tc find the conductance, which is the reciprocal of resis 
tanee, we merely divide the current through that cirait 
by the voltage across that circuite The input conductance 
is the grid cenductance and can be fecund from the H#G-IG 
curve by drawing a tangent from portion of the curve being 
uged, The AC will be undistorted and proportional to the | 
applied voltage if the curve is straight. The curve will 
be straight if only a limited pertion of the curve is 
utilized. This tangent to the curve nearly coincides 
with the curve in a limited region around the point of 
tangency. If an alternating voltage is superimposed upon 

a the steady voltage acting in the grid circuit, the total 
voltage will vary a eesrtain amount in one direction and 
an equal amount on the other side. Correspondingly the 
current will increase by an amount equal to the opposite 
side of a triangle formed by drawing the tangent, and 
then decrease by an equal amount. The amplitude of the 
voltage is given by the adjacent side of the triangle and 
the amplitude ef the current by the opposite side. The 
conductance g ig given by Imax divided by Smax, that is, 
the ration of the maximum current to maximum emf, There- 
fore Conductance equais opposite side divided by adjacent 
side equals Tan & equals slope of the tangent to the curve 


f 


2UESTION #15. Why should input conductance of an amplifier tube be 
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small? 


The input power to the vacuum tube, or the power which 
the tube takes from the circuit connected to the input 
vacuum tube, depends upon the alternating grid current. 
In general, it is desirable to reduce this power as much 
as possible in order tc increase the efficiency of the 
vacuum tube as an amplifier. Since the input power to 
the vacuum tube is dependent upon the product of the 
input voltage and input current, it is desirable, in 
order to make this input power very small, to make the 
grid conductance (input conductance) very small, by 
adjusting the steady voltage of the grid to be near zero 
or even somewhat negative. 


@xplain by use of characteristic curve how mutual conduc 
tance may be found. 


The mutual conductance is obtained from the EG-IP curve, 
The slope of this curve at any point gives what is call- 
ed the mutnal conductance of the tube and is a measure 
of the alternating current which flows in the plate cire= 
cuit of the tube fer a given applied voltage on the grid 
provided there is mo appreciable rasistance or reactance 
in the plate circuit of the tube external to it. 


What is meant by amplification constant of tubes and 
how is it determined? 


The amplification constant of vacuum tubes is a factor 
which determines the ameunt ef voltage flowing in the 
plate circuit for any load and from which can be found 
the current flowing in the plate cireuit, This amplifi- 
cation is found by using both the #G-IP and the EP=#-IP 
curves ard after several transpositions of several for- 
mulae the fcrmula for amplification constant boils down 
to the mutual conductance divided by the plate conductance 


Explain how external plate resistance effects the opera- - 
tion of a vacuum tube used as an amplifier (Sketch and 
equationse} . 


In the case of & pure resistance in the external circuit 
the alternating current in the plate circuit is exactly in 
phase with both the grid voitage and the plate voltage and 
the formula for firding the resultant plate current is: 
I Nu x Hg 
Pp 2 = 
“p plus 


Sketch of pure resistance in external circuit: 


RPP PT 


jee 


ANSWER #18. Continued. 


In the case of any impedance whatsoever in the external 
circuit, the msgnitude and phase of the plate current 
can be calculated just as simply as in the case of crdin 
ary simple #¢ circuits. It is necessary only to assume 
thet the emf Mu x Bg is acting in # circuit which has in 


series the resistryce Rp and the inserted impedance. In 
the cage of inductance only in the cireuit, the formulae | 
are: 


f7. ee ee ee 
% # /(Rp plus R)* plus (wd) © 


are | Ed 
g = tan™+ = eee 
tp plus & 
Where: 4 = impedances in chms. 

Rp = plate resistance (internal) 
R = plete resistance (external) 
Ws epix F 

ty = plate current 

Muo= amolification constant. 

Ee 2 grid voltage. 
9g = phase angle in degrees. 


Sketch ef simple Ac circuit, the equivalent of the Plate 
ircuit with impedance in series s 
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Explain and show by sketch how regenerative amplifice- 
tion is aceomplished,. 


amplifica« 
vacuum tube by wheat is known 


It is pesaible te increase very decidedly the 
tion ebtained by a single 


ag regeneratione Below is sketch of girenuite The eoil Ly 
is called the tickler, or ee back coil, The action is 
2a follows: The enf £ causes Ss ghd ear current to 
flow in the tuned elreait ae pies rise 2 


the eondenser c 


ig lied between 


filament of the tube, The voltage on “he sri@d of 

Vacuum $uOS causes an alternating current to flow in the 
plate clrenit. The current flows visoue the eoil La snd 
by reason of the co a Shaken eae ‘ny rs an emt in Goi 
L which with preper cour g wilt be early in phase 
“ith and will add te ide sical ee ig. Phe addition 
of this voltage leads to an increase in the current in 
the LC cireuit and also to am increase in the voltage 
applied to the vaenum tube. The plate current is like- 
Wise increased and a still larger emf is fed bask thru 
Li toe the LO circuit. This cycle is repeate er and 
over but usuglly in s short tims a stable condition is 
reached in which much larger aurrents and vcitages are 
present in all parts ef the circuit than would be sresen 
if the feed-back feature were abgent. This stable condi- 
fion ls reached if the emf fed back is less than the 


original emf, The final emf and with it currents and 
voltages in all portions of the elrcovit will be doubled, 


Sketch =f 


cirenits 


What limits the amplitude of regenerative amplification? 


The limit of amplitude of regenerative amplification is 
the point where the vacuum tube starts to oscillate.This 
point is reached dy varying the coupling between the two 
ecils so that the emf keeps building ur until the tube 
seifegenerates oscillations. Theoretically, the amplifi- 
cation becomes higher and higher withcut limit as the 
oscillation point is appreachked but practically after a 
certain degree of amplification is obtained the adjuste 
ments become so critical that any slight disturbance suck 
as static or variation in battery voltage, will start the 
vacuum tube oscillating. ae 
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Explain the grid method of detection. 


Detection with a three electrode vacuum tube with grid 
condenser and grid leak resistance, is called the grid 
method of detection. The alternating current picked up 
by the antenna is impressed on the grid. When a train of 
oscillations comes in, the grid ges ge will swing poesi- 
tive and negative; on the positive swing the grid eurren 
will increase considerabley, while on the negative swing 
the reduction in grid current will be slight. In effect, 
the average grid current will increase during the oscil- 
tions. The plate eurrent will follow all changes in 

he eid voltage, so that the wave form cf the plate 

i Wil recamble fhe grid voltage curve. the radioce 
eracenke nortion of the plate current oscillations will 
flow through the telephone condenser, but, corresponding 
Sc the decresse in the average value "of the grid voitage 
the current through the telephones will he reduced dure 
ing #ach wave train producing a note in the telephones ia 
she same yitch as the wave trein frequency. In the case 
of de teetion with grid condenser ard grid leak there is 
reduction in tealerhoue eurrent during the wave train, 
which results from the curvature of the grid current 
characteristic. The grid condenser is placed between the 
zrid and the coil go that no charge can go from the grid 
to the filament and the anterma, The grid leak is cone 
nected between the grid and the filament sc that the 
eharge will mot pile up on the grid and maze its action 
erratic. This leak allows the grid to clear itself be- 
tween oscillations and be ready to respond tc the changes 
in voltage across the inductance coile 
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